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ABSTRACT

Man, as one of the major components of any system, 
functions as an information processing and decision making 
unit o His principal input is most often in the form of 
visual information. Many decision making tasks might be 
improved in terms of required time or accuracy if a display 
using a stereoscopic presentation with induced motion were 
used.

The experimental work described herein is concerned 
with the development of induced apparent motions of elevated 
objects against a stable background by means of oscillations 
in the stereo-base. The objects which are seen to move are 
in fact rigid and fixed with respect to the background. The 
apparent motions are induced by increasing and decreasing, 
by photographic means, the effective distance between the 
eyes in a continual manner using 16 mm motion picture film, 
two projectors and a standard desk stereoscope.

An experiment was run to compare speed and accuracy of 
target location for motionless stereo pairs, at the maximum 
stereo-base, as against the motion picture film producing a 
variable base and its associated motions.

viii



ix
To be on the conservative sideB the experiment was 

so arranged that all the uncontrollable equipment inequalities 
operated to the disadvantage of the induced motion treatment„

Although there was a small superiority of search 
with induced stereoscopic motion for both speed and accuracy8 
it was not statistically significant,

Although the film treatment using induced stereo
scopic motion was not significant$it is believed that 
because of the uncontrollable conditions associated with 
the experiment further work is justified* Specifically $ 
the lack of synchronous projectors which caused instability 
in the induced motion did not provide a valid test of this 
new phenonemon*



Chapter 1 
VISIONj MAN and THE SYSTEM

This thesis is primarily concerned with a new visual 
phenomenono The visual phenomenon$ although of interest in 
itselfa is a part of the broader area of the man-machine 
environment situation„ that is$ the Human Factors areas 
Human Factors, in turn, is an aspect or a part of Systems 
Engineerings Thus, although the thesis goes into some detail 
on stereoscopic vision, and in particular on the phenomenon 
of induced stereoscopic motion, yet the point of- view is that 
this detail could well be an important part in a number of 
systems, This, as we see it, is an essential part of the 
systems point of view: That systems are made up of details
and that particular details properly put together make 
effective systems, The visual details were investigated 
because of their importance to several known systems j this will 
be indicated more fully at a later point,
Human

Systems Engineering as defined by Dr» A, Wayne Wymore
(1961) of the University of Arizona is:

The creative exploitation of energy, materials, 
and information inforganized systems of men, 
machine and environment, systems which are useful 
in terms of contemporary human values«, « » «

Thus, the primary foundations upon which 
curricula and research in systems are based are:
The importance of mathematical model|, their 
creation, manipulation and implementation (numerical 
analysis and programming): The importance of human
factors in the analysis and design, , , ,

1



It was out of an interest in the human factors area and 
its associated man-machine interface problems that this 
thesis topic was chosen0

As stated by Gagne (1963)s "A basic assumption of 
the system development point of view is that man can be 
considered as one of the major components of a total system," 
Stemming from this point of view we have the requirement for 
a communications link that couples the machine to the man and 
the man to the machine.
Induced Stereoscopic Motion in the System

In many systems today as discussed by LaPond (1964), 
there is a requirement for ithe man to be coupled through a 
visual link to the system in "real time" or "near real time," 
This is the case in which a system is concerned with search, 
control, or navigation just to mention a few.

These requirements highlight the basic problem that 
was attacked in this thesis. Can we find a manner of visual 
input to the human component which will enable him and thus 
the total system to function better? A new form of visual 
input was discovered and to a limited degree developed. The 
basic theory has been well known for over a centuny as discussed 
in the 1925 translation of Helmholtz1s treatise first published 
in 1857 (Helmholtz, 1925), So far as we have been able to 
ascertain, the particular phenomenon, the particular 
techniques, and the applications to be mentioned have not 
been previously developed.



Thesis Objectives
The specific objectives of the thesis are:

1, Establish the existence of the perception of what will
be called "apparent motion in depth induced by
continuous variation of the stereo-base."

2» Begin the development of techniques for the generation 
of the phenomenon in a field type environment.

3 e Determine through experimentation whether this
phenomenon significantly assists an observer in a 
search task0

40 Relate the search task and other tasks which could 
involve Induced stereoscopic motion to several known 
systems„



Chapter 2 
THE PHENOMENON

In order to clearly understand the phenomenon that 
we are in search of9 it will be necessary to discuss in 
some detail the psychological and physiological questions 
involved* Unfortunately, however, there will be several 
areas where there is still considerable difference of 
opinion as to the answer to some of the questions of interest 
to us« Whenever possible both sides of the argument - will 
be presented*

Any paper professing to discuss man and his visual 
sense must necessarily discuss such subjects as sensation, 
perceptions real and apparent motion and objective and 
subjective space just to mention* a few. A certain caution 
must be exercised because the final event in the chain of 
events from stimulus to perception is the psychic experience 
of perception itself. Since this is a personal experiences 
experiments on the optical space sense, directed toward 
quantifying the parameters of the stimulus must be conducted 
with extreme caution, if any meaningful results are to be 
obtained. This is due to 1) the inherent complexity of the 
problem; 2) the difficulty of performing objective 
experimentation; 3) the inadequacy of established experimental

4



5
procedures and techniques9 and 4) the inadequacy of study 
in the field of apparent movement in depth (Smith, 1952)„
Inputs for the Human Visual System

From a systems point of view, the first question 
we might ask is what constitutes the set of admissible 
inputs for the human visual system? Or, as discussed by 
Dember (1960), what in the visual perceptual system relates 
output to input, and how are they related? One should, 
therefore, be able to set up a set of concepts and proceed 
to study their interrelations, and the relation of input to 
output o Since the output is modified by such human 
characteristics as attitude and motivation, progress in the 
study of perception is dependent upon progress in the field 
of psychology (Dember, I960)0 The term given to the general 
class of inputs is stimulus variables« These stimulus 
variables can be further subdivided into "distal" and 
"proximal0" Distal variables, or the distal stimuli, are 
the environmental sources of energy that impinge on the 
receptor and are defined independently of their effects or 
representation on the receptor* The proximal stimuli, or 
proximal variables are the energies distributed on the receptor, 
or the effects of the distal stimuli as they Impinge on the 
receptor (Brunswik,, 1949)* In dealing with the problems of 
visual psychophysics one can usually compute the properties 
of the pr6gimal stimulus provided that there is sufficient 
information about the distal stimulus and the geometric 
relations between the distal stimulus and the retina (Dember, I960)



We further know that the distal stimuli are sources 
of electromagnetic energy $ whose radiated energies pass 
through various media before reaching the retinas of the 
eyes of the observer8 at which point they become proximal 
stimuli. These proximal stimuli then cause the retinal 
receptors to respond. The binocular response is then 
integrated in the perceptual process generating the output 
for the human visual system. These phases of the total 
process of visual input are shown diagrammatically•in Figure 2.1

O O
Stimulus (3850 A to 7900 A).•J-

Optical system of the environment and eye.
*

Retina.
*Experience and environment modulator,
+Perception.

Figure 2,1. Some steps in the perceptual process.

Binocular Man
Compounding this already complex problem we have two 

eyes that each provide a one-dimensional view of the objective 
world. When these views are integrated in the perceptual 
process however9 .we have a perception of the third dimension.
The requirements for this perception will be discussed shortly. 
This experience of the third dimension is man's highest 
development in spatial localizationa stereoscopic depth 
perception (Ogles 1963)«



Man has two eyes located in the front of the head and 
separated by 60 to 70 nun. A slightly different view of an 
object is seen by each eye, It is because of this binocular 
parallax that we experience the third dimension. Although this 
fact was known since antiquity, very little was made of it until 
Wheatstone invented the stereoscope in 1833 (Boring, 1942).

Wheatstone’s stereoscope as seen in Figure 2.2 consists 
essentially of two mirrors ab and a’b 8 oriented at 45° to the 
visual axis, the frame cd and d’£ 8 , and mountings for the 
pictures to be viewed on c_d and c’d’. The observer places his, 
eyes at r and r’ and sees an apparent image at ff’. If the 
pictures at cd and c_’d ’ have the property of being stereoscopic 
pairs, the observer sees this apparent image at ff8 as having 
depth (Helmholtz, 1925). With respect to this particular 
phenomenon of spatial depth perception, we should use exclusively 
the term "stereopsls" (Ogle, 1963)0 This discovery by Wheatstone 
was remarkable for two reasons: First, it isolated one depth
cue from all the others, and second it demonstrated that this 
cue could be effective alone (Boring 1942)»

There are a number of stimulus variables, or cues, which 
men use to perceive space. A partial list of such cues to space 
or distance perception, adapted from ItteIson (i960), is as 
follows. It is assumed that each of the following cues, 
consciously or unconsciously, can enter into the total perception 
of distance.



8

r r1

d

Figure 2.2. Wheatstone1s stereoscope (Helmholtz, 
1925).



SIZE,, Our discrimination of distances is dependent < 
on the size of the retinal image provided by an objects 
OVERLAY9 INTERPOSITION 9 SUPERPOSITION, The cue of 
interposition occurs when an overlapping object is 
said to be nearer than an overlapped object,
LINEAR PERSPECTIVE, A constant distance between 
points subtends a smaller and smaller visual angle 
at the eye as the points recede from the subject,
AERIAL PERSPECTIVE, When surface details of an 
object do not provide conditions for requisite visual 
contrasts„ a subject reports that the object seems 
far off,
MOVEMENT PARALLAX, When a subject’s eyes move with 
respect to the environment, or when the environment 
moves with respect to the subject’s eyes j, a differential 
angular velocity exists between the line of sight to 
a fixated object and the line of sight to any other 
object in the visual field,
LIGHT AND SHADE, Various combinations of shadow.and 
highlight are reported as having various dimensions 
and lying at different distances,
ACCOMMODATION, Differential aspects of "blur circles" 
in a retinal image may elicit spatial discrimination. 
Accommodation is the response of the ciliary muscle 
in the eye to adjust the convexity of the lens of the 
eye to bring the image of the object into focus at the 
retina.



10
80 CONVERGENCE» When an object Is at a great distance 

lines of fixation of the eyes upon the object are 
parallel. When the object is near at hands the 
subject's eyes are turned in a coordinated manner so 
that the lines of fixation converge on the object0 

9. STEREOSCOPIC VISION. When a subject regards an
object in spaces the retinal image in the left eye 
is different from the retinal image in the right eye. 
This difference in retinal image8 retinal disparitys 
serves as the basis for many spatial discriminations. 
(Ittelsons I960).

Retinal Disparity and Parallax..Anfclfi
The next extension of the stereoscope as reported by 

Helmholtz (1925) is the telestereoscope in which the distance 
ab and a'b'9 the stereo-base in Figure 2.39 is increased so as 
to amplify the perceived depth over what it would be naturally. 
The telestereoscope is important because it accents the power 
and independence of the cue of retinal disparity in causing 
perception of distance. Adaptions of this instrument have 
produced particularly astonishing depth in views of the moon 
and of distant terrestrial bodies.

In Figure 2,4 we see the pair of drawings with lines 
a and b s and a® and b ' mounted in a mirror stereoscope, The 
single perceived image is seen in depth as the lines A and B. 
Because of the difference in spacing for the two drawings 9 the 
resultant retinal images will be different for each eye.
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Figure 2.3. The telestereoscope of Helmholtz (1925).
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left eye right eye
Figure 2.4. Plan of a mirror stereoscope showing the 

geometry of binocular perception.



When this disparity is not too great, there is a resultant 
fusion so that the perception is of a single drawing with 
the lines seen at different distances. For this to occur 
the eyes must be directed exactly at the target objects.
Let £ represent the interocular distance, R is a normal to 
the interocular axis measured from B, and d is the difference 
measured along R between A and B, Angle eg is the visual 
angle formed by the lines of sight-for the left eye to £ 
and B, and angle 6  ̂ represents the same visual angle for 
the right eye. The intersection of the lines of sight from 
the two eyes to A and B respectively, namely angles ag and 

, are called the apex angles. It is readily noted that 
the difference e1-6 2 is a measure of the retinal separation 
of the object images in angular measure.

Also from Figure 2.4 we see that the difference in 
visual angles is equal to the difference in convergence angles 
with changes in sign, @ 1-6 g-ag-a 1* Making the following 
assumptions, which apply in the great majority of cases,
1) that R is very large with respect to £ or d, and 2) that 
A is reasonably near the normal to the interocular axis, we 
can write,

c02“ "  in radians.R+d
Therefore, if n = a g =  0g-8
then n= £5, where R+d=R

R?
(Graham, 1951).
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This quantity n we call the parallax anglep the determination 
of which at threshold provides a measure of minimum stereo
scopic acuity„ If in the telestereoscope in Figure 2,3 we 
let the distance r^r^ equal c then we have the very same 
expression for n«
Experiments on Retinal Disparity

. .  .. - ' v

The disparity between the images in the two eyes as 
explained above is both the necessary and the sufficient 
stimulus for stereopsis (Ogle, 1963)• Julesz (1964) 
demonstrates this quite vividly with his experiments on random 
dot Stereo images with controlled spatial properties„ He 
shows that it is possible to create an artificial sensory 
environment devoid of all depth cues shown in Ittelson8 s list 
except disparity and that depth could still be perceived 
under these conditions of ”familiarity deprivation a" This 
constitutes a significant contribution since there are still 
many diverse opinions as to the factors affecting stereopsis* 
Stated in a slightly different manner Ogle (1963) says that 
stereopsis is the primary factor in spatial localization 
while all the other cues to spatial localization, as discussed 
by Ittelson (I960), are secondary factors * Ogle (1963) goes 
on to say that this in no way implies that these factors are 
of a secondary importance, in fact they may indicate a higher 
faculty into which interpretive processes enter to provide 
stability and consequently significance in the perception*
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Concerning this question of retinal disparity, there 

has been disagreeraeht as to the contribution to stereopsis, 
if any, from vertical disparities„ With respect to horizontal 
disparity, there is no question but that it is both a 
necessary and sufficient condition for stereopsis (Julesz, 
1964), Concerning vertical disparity, however, there has 
been some discussion, Helmholtz performed his three-thread 
experiment with and without beads on the threads, the beads 
providing the desired vertical disparity. His conclusion 
was that if threads without beads attached were adjusted so 
as to appear to be in the fronto-paralle1 plane but were 
actually not in this plane it was due to the lack of vertical 
disparity, However when this same experiment was performed 
by Hildebrand, Helmholtz's results were not obtained, 
Hildebrand reasoned that the vertical disparity given by the 
beads had no influence on stereopsis. He concluded that 
Helmholtz's results were due to the empirical depth factor of ,, 
angular size of the particular details that he used (Ogle, 
1963)0 Hildebrand's views are generally held today.

Illustrating the complexity of this question as well : 
as providing the basis for the preliminary work reported 
herein is the work of A, v, Szily as reported by Helmholtz 
(1925)o He placed a strip of white paper fixed at its mid
point, to the upper end of & pendulum such that the paper 
was in a vertical position. When the pendulum was - set irite 
motion the paper- .'undergoes periodic rotations first to the
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right and then to the left. This experiment was performed 
in front of a black backgrounde With the proper amplitude 
of pendulum movement observed directly through one eye and 
through a right angle prism with the other eye, thus reversing 
the image in the latter eyes the perception is that of a 
strip of paper rotating in the median plane with the top 
moving toward then away from the observer and the bottom of 
the paper moving oppositely away then toward. The fixation 
point for the eyes in this experiment was at the center of 
the strip of paper,

A variation of this experiment was carried out using 
a small disc that moved to the left and then to the right 
in front of the observer. If this is viewed in the same 
manner as was the stri& of paper with a reversing prism 
in front of one eye $ the same perception will be experienced. 
The small disc will approach and retreat along the visual 
axis, A point of particular interest is Helmholtz 9s 
comment, "Still it will be noticed that the conditions here 
are essentially different from what they were in the first 
form of the experiment, In the latter case the observer 
fastened his eyes constantly on the centre of the oscillating 
strip of paper. But in the other cases it is true9 the 
observer may keep his eyes practically fixed in one position^ 
and if he does so, the conditions will be the same as before. 
However, he may follow the apparently opposite movements of 
the component images in the right and left eyes, by executing 
periodic ocular movements, first decreasing and then
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Increasing his convergence in such a manner that no double 
images occur,” (Helmholtz, 1925 p, 399)«

Although there was no comment as reported by 
Helmholtz on Szily's work on the size of the perceived 
object as the object moved within the field of vision, the 
question of size constancy is involved because changing 
the apparent distance of an object at a physically constant 
distance will also change its apparent size* Simply stated 
we know that the perception of size of a viewed object is 
determined by two main facts 1) the actual size, of the 
retinal image, and 2) the apparent distance of the objects.
It is these two facts that are integrated to form the 
resultant percept of an object of a certain size at a 
certain distance, These two cues work together .simultaneously 
to generate the perception. If we were to view two objects 
that appeared to be at the same distance, the one casting 
the smaller retinal image would look smaller. In like manner, 
where two objects cast the same size retinal image, the object 
that appears closer will look smaller. This phenomenon is 
called size constancy (Krech and Crutchfield, 1958), . This 
is precisely the perception experienced inYtrhe first phase 
of the experimentation discussed in Chapter 3•>
Real Movement

Objects in motion pose different problems for invest - 
tigation than objects at reMt, Certain factors concerning 
the perception of movement both real and apparent, must be
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considered. In the case of real movement9 the object moves 
a distance £ at a rate ds/dt, The literature in the field 
of perception of movement discusses primarily ■ two thresholds;
1) the rate threshold (lower Ilmen), for which a threshold 
value for ds/dt is determined while ŝ is held constant „ and
2) the displacement threshold (lower limen), for which a 
threshold value for £ is determined while ds/dt is held 
constant (Grahams 1951). Qualitatively it can be said that 
the following variables influence both thresholdss
1) Illuminations The displacement threshold is lower for 
high than for dim illuminations s 2) Rate of Movements 
Displacement threshold is low for high rates and increases 
as rate decreases 0 and 3) Retinal Positions Peripheral 
thresholds are higher than foveal thresholds. The details 
of some of the experiments that have been made to quantify 
these statements are given by Graham (19518 page 896),
Of particular importance to this work are his counsels con
cerning the care that must be taken to insure that the 
parameters of any given experiment are not confounded, This 
is particularly important in the light of his statement that, 
"Our cursory survey of data on real movement shows that our 
knowledge of the relevant parameters is at an elementary 
stage of analysis (Graham, 1951#.page 897),"
Apparent Movement

Distal stimuli can, when presented to a subject 
under the proper conditions 9 induce the perception of apparent 
movement, Apparent movement can be thought of as a perception



of a stationary object that appears to be moving9 which 
perception is equivalent to a perception of the same object 
when it actually is moving. It was not until Wertheimer 
published his paper in 1912 that the first systematized 
study of this phenomenon was presented. Some of the variables 
that contribute to this perception are exposure time of 
stimuli j, interval between stimuli 8 characteristics of the 
stimuli, as well as influences due to the subject’s attitude„ 
Four classes of apparent movement are8 Alpha8 Betas Gamma 
and Delta, Alpha Movement is the apparent change in size 
of an object under successive presentation. Beta Movement 
is the apparent movement of an object from one position to 
anothers the optimal movement of Wertheimer, Gamma Movement 
is the apparent expansion and contraction of an object as the 
illumination is increased and decreased. This differs from 
Alpha Movement in that with Gamma the object swells out in 
all directions or collapses into itself. Delta Movement is 
the reversal of movement perceived under certain conditions 
of illumination (later stimulus must be brighter than the 
earlier stimulus)s size of the objects8 and distance to the 
objects, Phi Movement is the movement perceived when the 
time interval between successive presentations of two simple 
geometrical figures is about 60 milliseconds. For time 
intervals between presentations varying from 30 to 200 
milliseconds he identified the following categories of perceived 
movements Simultarieity*=-the two figures appear together.
Pure movement-one figure moves between the two positions a
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(Bhi)— Succession— one figure appears after the other 
(Borings 19^2)9 The same caution that was stated for the 
study of real movement also applies to the study of apparent 
movement« The particularly difficult problem of subject 
attitude requires much attention in planning any experiment
ation 8 A need exists here for careful experimentation over 
a wide range of variables in order to improve the rigor of 
the field in this particular area (Grahams 1951)a 
Stereo-base and Decentration

Two of the cues to depth perception listed above are 
particularly important in the phenomenon considered in this 
thesis0 The two are retinal disparity and convergence6 Retinal 
disparity is experimentally manipulated by changing the 
stereo-base and convergence by decentration* Steregsbase 
is the effective separation of the eyes $ naturally s by mirrors s 
or by the separation of cameras in making photographs„ 
Decentration is the separation of the two fixation points of 
the two eyes when viewing two separate objects so as to see 
them as one* Helmholtz in his discussion of the telestereo
scope points out the results of the discrete changes in 
stereo-base, namely the amplification of perceived depth.
In his discussion on the changes made to Wheatstone-'s basic 
instrument, Helmholtz points out that a change in separation 
of two stereoscopic pictures s decentration, will produce a 
change in apparent size and distance of the objects viewed.

1 Adams (1955) performed an experiment in which he studied both 
the effects of changing the stereo-base at which photographs



were taken* and the effects of decentration when viewed.
His work showed that the amount of increase or decrease in 
the apparent size of the object with an increase or decrease 
in steredi-base varies with the amount of decentration. One 
of the major conclusions drawn by Adams was that convergence 
functions as an important cue in the determination of apparent 
size. The interaction of convergence* changed by decentration* 
and retinal disparity* changed by varying the stereo^base* 
can be complex but they both are ordinarily integrated in 
the perception process.
Summary of ,■.Literature. Review

We can see from this brief review of some of the 
studies in space perception and the perception of movement 
that we are dealing with a complex human function. Naively* 
'one believesa for example* that a perceived movement is a 
true knowledge of real motion. The experiment of Szily 
showed that the perceived movement can be different from the 
physical movement (distal stimulus). The work of Wertheimer 
showed that there may be no movement even though movement is 
perceived. This is then called apparent movement, Smith 
(1955)* in his third of three experiments.dealing with the 
effects of monocular and binocular vision* brightness and 
apparent size on the sensitivity to apparent movement in 
depth* points out how the perception is affected by bright
ness* mode of vision* apparent size of stimulus* and to further 
cloud the question* behavioral factors of the subjects.
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In summary fchens we see that the fundamental parameter 

of Induced stereoscopic motions variation In the stereo- 
base, has been known since 1857 when Helmholtz (1925) 
discussed It In his writings on the variations to Wheatstone * s 
stereoscope and the telestereoscope» Many experiments such 
as those of Szily (Helmholtz, 1925), Wertheimer (Boring, 1942), 
Adams (1955)s and Smith (1955) have studied apparent motion 
and how it is affected by various cues (Ittelson, i960)a 
No work however, has been discovered in the area of induced 
stereoscopic motion0 This thesis then, represents a fairly 
unsophisticated attempt at developing a new type of apparent 
movement„



Chapter 3 
RESEARCH AND DEVELOPMENT

One specific result of this research is the 
demonstration of the perception of induced stereoscopic 
motion along with the techniques for film production and 
presentation to observers, This chapter is devoted to a 
detailed discussion of the problems encountered in this 
development„
Phase I; Aerial Motion Pictures

Since one of the areas of possible application of 
this phenomenon is in the area of aerial photographic 
analysis e the first attempt to produce the phenomenon was
made using a 16 mm aerial motion picture film strip provided 
by the United States Army Electronic Proving Ground at Port 
Huachuca9 The film was taken from the door of a helicopter 
flying at approximately 1000 feetB with an average camera 
deflection of minus 10 degrees„ The scene viewed was of the
post quarters areas technical buildingss and Huachuca *
mountains

Identical film strips were cut and spliced for 
simultaneous projection on two reversible projectors0 The 
projections were viewed through a standard desk stereoscope 
(a, Fairchild Model-71) mounted on a wooden frame over a rear 
projection screen and mounted vertically for easy viewing by
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a seated observer as shown in Figure 3°1« The pidfcure 
presented to the right eye of the observer was held 
fixed while the picture presented to the left eye was 
run forward and then backward thus continually varying 
the stereo-base. This in effect was as if the observer's 
right eye was held fixed with respect to a point in the 
visual field- and his left eye was moved out to the right a 
distance many times the interpupillary distance and then 
moved back again over the same visual field to his normal 
interpupillary distance. This technique was varied for 
both a fixed right eye presentation and a fixed left eye 
presentation.

There are several problems associated with the use of 
photographs of landscapes of this kind to investigate induced 
stereoscopic motion. The first of these is that various 
depth cues discussed in Chapter 2 influence the perception 
of distance in photographs of this type. Another is 
associated with the shift of objects in the field of view,, 
decentration3 and the consequent difficulty of convergence 
or divergence in order to get fusion of the double images,
A third is the lack of control over the parameters8 such as 
search objects,, stereo-bases and rate.of change of base.
These and other cues for distance can combine in such a way 
so as to mask the effect of varying the stereo-base. In 
particular, views of ordinary landscapes which are taken at
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Figure 3.1. Plan of viewing apparatus. a) Screen frame, 
b ) rear projection screen and c) desk 
stereoscope.
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or near the horizontal have such cues for distance. It 
became clear that such films were not suitable for 
investigation even though some varying stereopsis was 
obtainedo
Phase II; Fixed Camera Moving Disc

The second effort to produce induced stereoscopic 
motion was to set up a simple and controllable line and 
disc target on a uniform backgrounds photographed at close 
range„ The purpose was to see if induced stereoscopic motion 
could be produced synthetically. The targets were 1/4 inch 
circular black discs mounted on a plaih white background 
with black reticle lines as shown in Figure 3,2, When 
properly projected and viewed through the desk stereoscopes 
the left disc (seen by the left eye) was held motionless in 
the center of the field while the right disc (seen by the 
right eye) was moved laterally with respect to the reticle 
in a cyclic manner. The motion of the right disc was 
accomplished by attaching it to a thread that was then driven 
by a small electric motor. When viewed through the stereoscope, 
the single perceived image appeared sometimes to rise above 
the background and become smaller as the disc moved from 
right to left in the field. As it moved temporally (to the 
right) it was perceived as moving back to the surface of the 
background; then as it moved to the right of the centers it 
was perceived as moving Linto the background. Accompanying 
this motion was an increase in the apparent size of the
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Stationary Disc Moving Disc

Reflecting
Mirror

left eye

Prism
Reflecting
Mirror

right eye

Figure 3.2. Plan of moving dot apparatus.
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perceived object as it moved away from the observer, In this 
arrangement the effect of changing stereo-base and decentration 
reinforced each other in causing the apparent motion and change 
in object size. This was in accord with the phenomenon of 
size constancy experiments discussed in Chapter 2„

This technique allowed for the perception of movement 
only infrequently and in a very unstable manners The problem 
encountered here arose from the difficulty of converging the 
eyes in proper rhythm and the inability of the observer 
to keep the images fused into a single image„ When convergence 
of the two eyes occurred, the images of the discs fused with 
the consequent retinal disparity, stereopsis and induced 
stereoscopic motion* If the eyes converged and diverged 
to follow the moving disc, £, as shown in Figure 3.2, on 
the right side, while holding the fixed disc, c/, on the left, 
then there would be a retinal disparity between the two pairs 
of reticle bars, ab and a'b'® Because of the prominence of 
the pairs of bars and their constant position, the eyes 
sometimes tended to maintain fixation with respect to them.
Then there was retinal disparity between the two discs which 
were seen as two distinct images instead of the single fused 
disc. Although as stated by Helmholtz and discussed in 
Chapter 2 fusion is not essential for stereopsis, it is 
believed to be essential for the' perception of induced motion.
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Phase III; Fixed Camera Moving Complex Target
Because of the fusion problem encountered in the 

moving dot presentation a third.technique was tried. This 
consisted of a moving background with a fixed camera mounted 
as shown in Figure 3,3. The target objects used during this 
phase consisted of a model village9 1/32 inch scale* set on 
a tweed textured background. Although it was felt that this 
more complex visual field would reduce the fusion problem 
encountered with the moving dot * it did not. Had the equipment 
been available* it is believed that this fusion problem could 
have been solved by providing the observer with controls. 
that would allow him to.move the projected image thus keeping 
them within his limits of fusion.
Phase IV; Fixed Target Array with One Moving Camera 

To solve the fusion problem with the limited 
equipment available* a change in production technique from 
moving target to moving camera was made. Also* since the 
resolution of. the 8 mm film was unsatisfactory* a change 
to 16 mm film was made in order to obtain better definition 
in the projected images. The resultant photographic 
arrangement as shown in Figure 3.4 consisted of a bipod camera 
mount * which was driven transversely in an arc over the 
stationary field* thus keeping the objects in the photographic 
field in constant positions even though the camera was moving. 
This technique also avoided decentration and its effect.
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Figure 3.3* Plan of fixed camera, moving target 
apparatus, a) elevation view and 
b ) plan view.



31

visual field

Figure 3.4. Plan of moving bipod camera mount and 
fixed target apparatus,
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In changing to this fourth technique, a new target 
arrangement was also tried. The new targets were made from 
1-1/4 inch wooden doweling cut into lengths from 1/4 inch to 
3 inches in 1/4 inch increments„ Seven pieces of varying 
heights were chosen at random and placed on a tweed textured. 
background in a random arrangement within the field of view 
of the camera. Each target was marked with a randomly assigned 
black number on a circular white background for easy 
identification.

The presentation technique used at this time called 
for the view presented to one eye to be held fixed while the 
view presented to the other eye was in motion. That isg one 
film was made holding the camera fixed at one end of the arcs 
and the other with the camera moving from extreme to extreme 
of the photographic field. However» in following this 
procedure, two distracting conditions were set up. The first 
of these corsditions is that both eyes see the same side of 
the elevated object at one time, and at another time the two 
eyes see different sides of the elevated objects. This 
produces a lateral sway in the perceived motion.

The second distraction results from the varying distance 
of the extremes of the visual field from the moving camera.
This variation in distance sets up a rocking motion in the 
perceived background. These two distracting effects disturb 
the perception of the induced pulsing motion of the elevated 
objects.



A fifth technique used to solve these problems consisted 
of moving each camera through half of the stereo-base. The 
effect is that both cameras are at the center together and the 
stereo-base is increased by moving both cameras outward. In - 
this arrangement there likewise is no decentration effect 
because the objects stay in nearly the same position in the 
field of view. Thus* two film loops were produced. Concurrent 
with this change in techniques an array of targets was chosen 
as shown in Figure 3.5. It was a ten row by twelve column 
array of pennies arranged randomly in stacks of one to four 
pennies each. In changing to the array of penniess the search 
task for the experiment described in Chapter 4 was greatly 
improved in that there were now more objects in the visual field 
and perhaps more importantly from the experimental point of view 
the manipulation of the basic array was made simpler and more 
controllable. Specific search targets were located randomly 
in the array and these were incremented in height to 7„ 10 
and 13 pennies.

Associated with this fifth technique is a problem 
concerning the synchronization of the two projectors so as to 
produce the effect of two cameras moving symmetrically-and,in 
opposition from a central point over the target area. Due to 
a lack of proper equipment this problem was not overcome for 
the research reported in this thesis. Adequate equipment to 
solve this problem is available8 howevers at considerable cost.
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Figure 3o5o Array of targets with target height in 
pennies shown for each element6

(V
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During the brief periods when the projectors used were in 
synchronization the predicted pulsation was clear and obvious 
as reported by several competent observers„

The, resistance of the above uncontrollable change of 
movement had its beneficial side as well as its detrimental.
It clearly demonstrated that instead of only one perceived 
motion there were three distinct types of perceived movement 
each flowing smoothly into the other. The three clearly 
identifiable apparent motions arej 1) a precise vertical 
pulsing of the targets against a stationary background, 2) a 
lateral swaying motion of the targets, and 3) a movement of 
the targets in an elliptical pattern. Each ty|e of motion is 
determined, by the relative speed of the two projectors and 
the relationship of the film loops within the projectors. The 
observed movements and their respective parameters are shown in 
Table 3,1.

Certain precautions need to be taken in handling the 
film loops. The two film loops, each containing one or more 
complete series of views of the left and right half of the 
target area, must contain exactly the same number of frames 
per series„ Not only must the frame count be the same, but 
the beginning and ending frames of each loop must be the 
same in order to provide smooth continued movement. For stable 
movements of Class 1 or 2 as shown in Table 3ol, the film loops 
must be set in the projectors in the correct phase, opposed or 
collateral, and the projectors run synchronously. This makes
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Table 3.1. Table of perceived induced stereoscopic motions 
giving projector film relationships.

Motion State, of State of Film Perceived Motion
Class Projectors Loops

Synchronous Opposed Elevated objects rise 
and falls the taller 

: objects exhibiting 
more extensive motion.

Synchronous Collateral Elevated objects 
sway on a fixed base 
as if flexible.

3o Synchronous Unspecified

Asynchronous Variable

The tops of the 
objects appear to 
move in elliptical 
or oval patterns 
with the shape 
governed by the 
relative position of 
the film,
A continuous and 
smooth change from 
©lass 1 to ©lass 
2 s and to ©lass 3 
governed by the 
speed of the 
projectors and the 
relative film 
positions in each.
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the film handling procedures tedious since any differences in 
the loops result in an inability to maintain the projector- 
film relationships required for precisely controlled invest
igation o During the investigation reported in this thesis $ 
not all the conditions required for precisely controlled 
investigation were met» Howevers sufficiently close approx
imations were made to demonstrate that induced stereoscopic 
motion is a genuinely perceived phenomenon.



Chapter 4 
THE EXPERIMENT

An experiment was conducted using the fifth and 
last technique described in Chapter 3. A comparison was 
made between induced stereoscopic motion and still stereo- 
pairs of photographs in a search taskj, using accuracy and 
speed of target detection as two criteria of favorable 
performance.

The details of the photographic arrangement were as 
follows: The camera platform was driven by a 1/2 HP Zero-
Max AC electric motor. The period of the camera movement 
was 0,05 cycles per second. The camera2 a 16 mm Bolex9 was 
mounted 51 inches above the background8 which was a tweed , 
textured card table top, as shown in Figure 3.4. Three 
amplitudes of movement were used: 3* 6 and 9 inches from 
extreme (distance A B in Figure 3.4), which therefore were 
the maximum sizes of the stereo-base. The targets were 120 
stacks of pennies from one to four pennies in height randomly 
arranged in 10 rows and 12 columns, (See Figure 3,5). One 
target, the object of the search task, was increased to 7$
10 and 13 pennies in height according to the experimental 
treatment. This arrangement gave nine experimetitaL. conditions 
(three heights with three amplitudes of movement) for the 
experiment that was run,

38
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Test Room and Viewing Apparatus
The test room was arranged as follows: Two 16 mm

motion picture projectorss one a L and W variable speed 
Kodak and the other a GRAFLEX-16 s were mounted on a platform 
36 inches from a rear projection screen, The screen was 
made from two sheets of good quality window glass with a 
sheet of vellum in between* On the viewer’s side of the 
screen was mounted a standard desk stereoscopes a Fairchild 
Magnifying Stereoscope model=710 The screen and stereoscope y 
were mounted in a frame that, provided arm rests and knee 
well for the subjects, The oculars were 46-3/4 inches above / 
the floor* An adjustable chair was provided so as to . y;
accommodate subjects individually„ While awaiting their 
trials the subjects waited in an anteroom* They were provided 
with literature to read while, awaiting treatment„
Subjects

The subjects used in the experiment were graduate 
students in the College of Engineering* They were arranged 
in groups of three 9 each group being treated as &■ unit in 
the experiment * Each subject was tested for stereoscopic 
vision prior to his selection* A total of twelve students 
were testeds three being rejected because of a lack of 
stereo-acuity* Prior to the experiment g the experimenter 
took a standard military eye examination* The examination 
showed that he had average to above average stereo-acuity * 
ConsequentlyB if in the opinion of the experimenter 
prospective test subjects could not distinguish the relative
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height of various objects in the test photographs as well 
as he could, they were rejected. The test administered 
was a pair of aerial stereo-photographs of an open pit 
asbestos mine from which the subject was asked to identify 
various areas and objects as being higher or lower than 
some reference point.
Experimental Design

The experimental design was a split, split-plot 
within a Latin Square. The Latin Square was used so as 
to take out the day variability. A pre-pilot test that was 
run indicated that there were certain equipment and film 
changes that could be made more easily than others. This was 
the determining factor in the choice of the split, split- 
plot. Such a consideration was the reduction in the number 
of film loop changes so as to reduce the time required of 
subjects, Another and more important consideration was the 
time to complete a single group treatment. This design 
allowed for a 50 minute treatment time. The design is shown 
in Figure 4.1. Within each plot the treatments were split 
by film vs still and by height of target. The arrangement 
of treatments within plots was made using a table of random 
numbers.
Experimental Model

The experimental model can be written as:
Yijklm*w+Gi+SiJ+Tk+Fl+Pni* higher order interactions 

+dijklm+eijklm»
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DAYS GROUPS
I II III

A B C
1 M 1,2,3 S 1,3,2 s 1,3,2

S 1,2,3 M 3,1,2 M 1,2,3

B C A
2 S 1,3,2 M 2,1,3 M 1,3,2

M 3,1,2 S 1,2,3 S 2,1,3

C A B
Q M 1,3,2 S 3,1,2 M 3,1,2
J

S 2,1,3 M 2,3,1 S 3,1,2

Figure 4,1. The experimental plan.

Legend: A, B and C represent 3, 6 and 9 inch stereo-bases
respectively. M is the motion picture presentation 
and S is the stTll presentation. 1, 2 and 3 
represent targets of height 7, 10 and 13 pennies 
respectively.



where; Y = the observed value, correctness of target 
detection and time for target location*

= the general mean*
Gi = the group contribution* 1=1*2 *3*

= the subject contribution* j=l*2*3*
= the throw contribution* k=l,2,3,
= the film contribution* 1=1*2*

Pm = the penney contribution* #=1,2*3,
dijklm “ the experimental error,
e,,, n = the sampling error.ijklm

Procedure
Each group on its initial visit to the test room 

received a set of written instructions as shown in Figure 
4.2. In addition they were given verbal instructions not 
to discuss the experiment among themselves or with the 
experimenter. All comments and discussions were to be held 
until the completion of the experiment, Each subject received 
five minutes of training prior to commencement of the testing 
phase, The pre-pilot study demonstrated that this was 
desirable since there was definite learning in seeing the 
induced stereoscopic effects, Each subject was given a 
number and was called by number from the anteroom to the 
test room. After seating himself and adjusting to the oculars 
and indicating to the experimenter that he was ready * the 
oculars were uncovered and the timing started. Upon the 
statement of a target location to the experimenter, the
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INSTRUCTIONS TO THE SUBJECT

You will view a 10 x 12 array of pennies arranged 
in stacks of varying height. As soon as you have determined 
which stack of pennies in the array is the highest s indicate 
by stating aloud to the experimenter your choice by column 
and row. The column numbers are mounted on circular 
backing and the row numbers are mounted on square backing.

Once you have stated your choice to the experimenter 
you may not change it.

The above procedure will be followed six times per
sitting.

Figure 4.2. Handout given to each subject
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timing was stopped and the oculars covered* The elapsed 
time and target location were then noted on the data sheet, 
Figure 4.3. The equipment was then reset and a new subject 
called. This procedure was followed for all groups according 
to the experimental design.
Analysis of Variance Model

The analysis of the data, using the 5-way factorial 
analysis of variance and grouping higher order interactions 
to form the appropriate error terms as shown in Table 4„18 
was carried out following in part methods as outlined in 
Steel and Torrie, I960.



INDIVIDUAL DATA SHEET

A test of a subject's response to a stereoscopic 
presentation of a 10 x 12 array using 16 mm motion 
picture.
Note; Enter appropriate data in the blocks indicated.

(9-10) Subject’s, Number

(15-16) Number of previous Treatments

(23-24) Treatment Number

(25-27) Time to respond

(28-31) Response

(32) Treatment Number

(33-35) Time to Respond

(36^39) Response

(40) Treatment Number

(41-43) Time to respond

(44-4?) Response

Treatment Identification Number 
(51-54)

Figure 4.3« Individual data sheet marked for ease of card 
punching.
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Table 4.1. The organization of the 

showing the composition
analysis of variance 
of component terms.

Factor Degrees of Freedom Term Composition
Groups (G) 2
Subjects (S) within G 6 S+SG
Days 2
Throw (T) 2
Error 1 2 GT (2df were 

partitioned for 
Days, which was 
not run)

Error 2 12 ST+SGT

Film (F) 1
S within GF 6 SF+SGF
FT 2
Error 11 6 GF+GFT
Error 12 12 SFT+SGFT

Pennies (P) 2
S within GP 12 SP+SPG
PF 2
S within SPF 12 SPF+SGPF
PT 4
PFT 4
Error 111 24 GP+GFP+GTP+GFTP
Error 112 48 SPT+SGPT+SPTF+

SGTPF

TOTAL 161



Chapter 5 
ANALYSIS OF DATA

This chapter presents an analysis of the time 
and error data obtained from the experiment described in 
Chapter 4„ Time data is the time required for subjects 
to identify to the experimenter according to instructions 
the location of the tallest stack of pennies„ Error data, 
is the number of incorrect identifications of the tallest 
stack, A 5-way factorial analysis of variance of the time 
data was run in order to generate the basic terms required 
for the analysis as shown in Table 4,1, Because of the on- 
off nature of error data and the relatively few errors, 
no analysis of variance was made for error data.

Table 5,1 presents an analysis of the time data.
As could be expected^ the variance between subjects within 
groups shown in section (a) of Table 5,1 was statistically 
significant at the 0,05 level of confidence. There was no 
significant difference found between groups or between days, 
Film Effect

The analysis for the film effects is presented In 
section (b) of Table 5,1, The variance between the means 
of the motion picture presentation using induced motion and 
the pairs of still pictures at maximum stereo~base was not

47
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Table 5.1. The analysis of variance of the time data for 
the experiment described in Chapter 4.

Factor df SS MS

G 2 1032.150 516.075
S within G 6 26683.080 4447.180
D 2 • 1262.920 631.460
T 2 300.450 150.225
Error 1 2 625.040 312.520
Error 2 12 5547.370 462.886

ERROR 14 6172.410 i| 110.886

F 1 7.570 7.570
S within GF 6 1586.400 264.233

(b) FT 2 39.300 19.650
Error 11 6 1364.190 227.365
Error 12 12 3583.370 298.614

ERROR 18 4947.560 274.864



Table 5=1« Continued,

Factor df SS MS
P 2 7689,150 3844,575
S within GP 12 5280,250 440,021
PF 2 45=560 22,780
S within GPF 12 5666,930 472,244
PT 4 4790,410 1197,602
PFT 4 390,290 97=572
Error 111 24 14101,480 587=603
Error 112 48 . .14530,600.. 302,721

ERROR 72 28633=080 369=904

TOTAL 161 94526,510

^Significant at the 0,01 confidence level, 
^Significant at the 0,05 confidence level.
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Table 5.2, Mean time to locate tallest target (in seconds)„

Factor Mean

Film (stereoscopic motion) 260062
Still (at maximum .stereo-base) 26,494 
Height of target in pennies
(7# 10 and 13) 34,593 17,722 26,519
Throw in inches
(3a 6 and 9) 24,574 26,352 27,907
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Table 5.3. A partial,list of target parameters.

Target
Location

Height Throw Distance.from Errors
Center of Field F S

Target (2,5) 13 pennies 9 in 3,25 in. 2 3
Target (2,6) 13 pennies 3 in. 3,00 in. 1 i
Target (4,8) 10 pennies 9 in. 2,25 in. 0 0
Target (4,11) 7 pennies 6 in. 5,25 in. 3 5
Target (8,3) 7 pennies 3 in. 4.25 in. 0 0
Target (8,6) 10 pennies 3 in. 3,00 in. 0 0
Target (9,3) 7 pennies 9 in. 5,00 in. 0 3
Target (9,5) 13 pennies 6 in. 4.25 in. 0 0
Target (9,8) 10 pennies 6 in. 4,50 in. 0 0
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significant„ The mean time to locate the tallest target as 
shown in Table 5«2 was 26.062 seconds for the moving 
presentation as compared to 26.494 seconds for the still 
presentation. The error data on motion versus still 
presentation showed similarly a slight improvement in 
target identification for motion. Out of 81 target 
identificationss 75 were identified correctly with motion 
and only 69 out of the 8l correctly identified with still 
pairs. This difference was not significant. The error 
data also showed no significant difference for the motion 
versus still presentation.

In section (c) of Table 5.1, we see that the variance 
due to different height is significant at the 0.01 level of 
confidence. The target height by throw variance is also 
significant but at the 0.05 confidence level. The analysis 
of the data and experimental procedures fail to explain this 
latter significance. It is assumed that it is due to some 
undetermined parameter or merely a random effect.

There is an interesting relationship between target 
location in the array and the number of target identification 
errors. Table 5.3 presents the relevant target parameters. 
This information is then presented graphically in Figure 5.1. 
Two points should be noted from this figure. First, there, 
would appear to be a functional relationship between error 
rate and the distance of the target from the center of the



visual field„ And second^ we note that for those targets 
on which errors were made the number of errors in target 
identification was greater in every case for the still 
stereoscopic presentation except target (2*6) in which they 
were equal. The fact that all the errors were made on 
targets in the upper half of the array s except for target 
(9,3) may indicate an influence of some unidentified 
parameter or perhaps even some random effect,

A similar analysis was made of the time data but 
it showed no effect due to location and is not shown. 
Although the variance was smaller for the targets located 
closer to the center of the visual field* no definite trend 
appeared to exist as it did for the error data*

Should any future work be done in this area* it 
would appear that target location within the field of view 
is one of the parameters that will have to be controlled.
It is pointed out that in this experiment target location 
was a random variable.

Appendix A contains the complete experimental data.



Chapter 6 
CONCLUSIONS AND DISCUSSION

It will be recalled that the specific objectives 
of this thesis were:

1. Establish the existence of the perception of 
what will be called "apparent motion in depth 
induced by continuous variation in the stereo- 
base o "

2 o Begin the development of techniques for the 
generation of the phenomenon in a field type 
environment, that is outside the laboratory,

3„ Determine through experimentation whether this 
phenomenon significantly assists an observer in 
a search task,

4, Relate the search task and other tasks which 
could involve induced stereoscopic motion to 
several known systems,

Objectives 1 through 3 were accomplished with the short
comings as noted in Chapter 3« Objective four will be 
discussed shortly.
Variables Requiring Better Control

In any experiment such as was performed in the 
accomplishment of objective 3$, one encounters a rather large 
number of confounding conditions. Ogle (1962) states that 
there is little hope of obtaining clear cut significant
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results In an experiment of this type if these parameters 
are not closely controlled, Wulfeck and Zeithlin (1963) 
discuss human capabilities and limitations in the context 
of man as an integral system component. They discuss the 
interactions between variables and several visual functions 
as shown in Table 6„ls which illustrates the problems facing 
the experimenter in any experimentation with the human and 
his visual sense, Considering the task performed by the 
subjects in the experiment of this thesis to have included 
all four of the visual tasks shown in Table 6,la it is 
appropriate to comment on the variables to be controlled. 
Those not discussed were held constant.

Illumination level posed a problem in the experiment 
in several areas. Due to equipment characteristicss the dual 
projectors presented images of different brightness to the 
two eyes„ and for the two main treatments, film versus still. 
Although these differences were not large0 their effect on 
the experiment is unknown. In photographing the array, of 
targets„ a certain amount of uneven light distribution was 
present, This may explain in part the fact that three out 
of four of the targets that were erroneously, identified were 
located in the upper half of the array8 that is in the upper 
half of the visual field.

In the area of available cues 9 some control was lost 
in the photographing process due to the introduction of 
unwanted shadow. This of course followed from the light 
distribution problems,
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Table 6.1. Variables that must be kept constant or
carefully controlled when measuring some of 
the principal kinds of visual performance 
(Adapted from Wulfeck and Zelthlln* 1963).

Types of Visual 
Performance

Visual Acuity 
Depth
Discrimination

Variables to be Gpntrolled
nd 0
<D CD Td

4-) CD
cd Z3 u CD

H O • £ H3 to 4D nd Fw
c E 4-3 ' CD cd cd r4 cd0 •H to CD CD H CD H

-H CD u E «H £
-P CO £ cd <M O
cd to ,£ > O
a Cd £ 0 0 O < £ £

£ CD D»
e •H CD T3 CD X r£ m m 0

4-3 CD >  £ 43 M CD to CU
fH CD N 4-3 £ cd £ 4-3 to cd
H (z: oH CD O 4̂  . -P O O > Z3
H CO X3 ^ CO 0 cd 0 CO

hO u
<H 0 03 43 X CD £ 0) O 4-3 ZD cd to
O £ GO O > O 0 £ O H £

£ •H cd cd °H £ u CD £ r-3
H O 3 u m 4-3 4-3 cd CD E u O £
<D E 4-3 O4 cd -p &> 0 O E
> bO £ cd 03 E > Z3 £
a> CD 4-3 O £ £ £ 0 4^ O 43

CO 0  cd < Q Q O S CO

X X MV* X X X X X X

X X X X X X X X X X X
Movement
Discrimination
Brightness
Discrimination X

X X X  X MV% X X

X MV* X X

*MV is measurement variable.
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In his discussion on stereoscopic acuity. Ogle (1963) 
points out that the stereoscopic acuity of individuals varies 
for constant and nonconstant stimuli. The fact that the 
subjects were given a test for stereopsis using still stimuli 
and then given an experimental treatment with motion stimuli 
may have also affected the results of the experiment»

The question of subject motivation, attitude and• 
interest must go unanswered. The literature points out the 
importance of these variables in visual perception but, at 
least for this author, leaves the question of their control 
unanswered.
Experimentation and Unknown Parameters

Although the requirement exists for close controls to 
be applied to the variables involved in experimentation such 
as discussed throughout this thesis the equally compelling 
requirement for experimentation in the face of unknown 
parameters also exists. Even in the best planned and controlled 
experiments, the experimenter is faced with human variability 
and purely random error. This suggests then that successful 
experimentation requires the application of sound scientific 
technique, judgment, experience and a willingness to explore 
the unknown in the absence of the knowledge of certain of 
the parameters of the problem.

Further work is needed to determine the parameters, 
potentialities, and economic feasibility of this phenomenon.
The following four objectives are suggested as being of value, 
in the study of induced stereoscopic motion.
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1« To stabilize and control the several kinds of
induced stereoscopic motion by use of a precisely 
synchronizable pair of 16 mm film projectors«

2o To clearly establish the functional relationship
that may exist between the perception of the 
phenomenon and the parameters associated with it„

3 o To quantify if possible the functional relationship
that exists between the amplitude of perceived 
movement and target size or between amplitude and 
target distance„

4, To develop a means of control over the viewing
by which observers can adjust the position of
one or both of the projected images so as to 
provide better fusion of these images0 

Should the above continued research be accomplished 
and prove successful9 it is believed that useful areas of 
application for this phenomenon in terms of hardware9 that is 
systems components9 could be found.

One such system might be for manned or unmanned 
Interplanetary reconnaissance. Using induced stereoscopic 
motion to enhance the dual video presentation transmitted by 
the vehicles sensors s earth based controllers or onboard 
controllers might be able to better interpret in ”real time" 
surface conditions of a target area so as to allow for a soft 
landing of the vehicle,
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A second application might be immediately available 
in the form of applications to existing photographic 
reconnaissance systems particularly in the tedious area of 
detailed analysis0

And in the complex world of range instrumentations 
test and evaluation of electronic systems we may find an 
application in the area of optical radar. Item (3) discussed 
above is most important to this application.
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APPENDIX A 
Table of Complete Experimental Data

Group IThrow in Target Height 
inches in Pennies* Time (seconds)AccuracySubject Still Film

10
10.
10

20
20

^Correct identification indicated by 1% error by 0„
*%A penny is approximately M&2 inches thick0
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APPENDIX A (continued)
Table of Complete Experimental Data

Group . ITarget Height 
in Pennies

Throw in 
inches Accuracy 

Fi lm I Still
Time (seconds) 
Film J StillSubject

20
12

55
12

20
12
10

10
1210

135
2110

853 71225 22TOTALS



APPENDIX A (continued)
Table of Complete Experimental Data

Group II
Target Height 
in Pennies

Throw in 
Inches Time (seconds 

Film
Accuracy 

Film TstilTSubject Still

•IS 12-

10
10
10

3421

10
12

5520

10
2 -9 -10

10 22
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.APPENDIX A (continued)
Table of Complete Experimental Data

Throw
inches

in Target Height 
in P'ennies

Group II

Subject Accuracy Time (seconds)
Film" Still Film Still

6 13 1 1 12 12
6 13 5 1 1 22 396 13 6 1 1 3° 15

9 7 il 1 1 18 12
9 7 5 1 1 55 27
9 7 6 1 1 26 23
9 10 4 1 1 25 14
9 10 5 1 1 16 15
9 / 10 6 1 1 20 15

9 13 4 1 1 09 18
9 13 5 . 1 1 24 14
9 13 6 1 1 06 09

TOTALS
,

27 2% 612 625
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APPENDIX A (continued)
Table of Complete Experimental Data

Group III

Subject |^lm'TS't'i'IIIJtrPrimJ: I Still —
Target Height 
in Pennies

Throw in 
Inches

10
10
10
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APPENDIX A (continued)
•Table of Complete Experimental Data

Group III
Throw in Target Height 
inches in pennies Time (seconds)

Subject Film



m 
on 

on 
on 

on 
on 

on 
on 

on 
vovovo 

v
d

v
o

v
d
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APPENDIX A (continued)
Table of Complete Experimental Data

Throw in Target Height Totals
' ' Accuracy !- • (s e e ohds)' - ̂  s-inches in Pennies Film (s t m Film Still

3 7 3 3 115 93
3 7 3 3 88 68
3 7 3 3 41 86

3 10 3 3 56 75
3 10 3 3 47 64
3 10 3 3 44 70

3 13 3 3 137 98
3 13 2 2 72 52
3 13 . 3 3 39 82

6 7 2 1 220 171
6 7 3 1 108 102
6 7 1 2 65 116

6 10 3 3 58 50
6 10 3 3 56 50
6 10 3 3 52 50
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APPENDIX A (continued)
Table of Complete Experimental Data

Totals
Throw in Target Height 
Inches in Pennies . Time (seconds' Accuracy 

Film Still Film Still

117173

10
10
10

198

214669 211175TOTALS


